Background: The aim of this study was to examine the attribution of each cardiovascular risk factor in combination with abdominal obesity (AO) on Japanese health expenditures. Methods: The health insurance claims of 43,469 National Health Insurance beneficiaries aged 40e75 years in Ibaraki, Japan, from the second cohort of the Ibaraki Prefectural Health Study were followed-up from 2009 through 2013. Multivariable health expenditure ratios (HERs) of diabetes mellitus (DM), high low-density lipoprotein cholesterol (LDL-C), low high-density lipoprotein cholesterol (HDL-C), and hypertension with and without AO were calculated with reference to no risk factors using a Tweedie regression model. Results: Without AO, HERs were 1.58 for DM, 1.06 for high LDL-C, 1.27 for low HDL-C, and 1.31 for hypertension (all P < 0.05). With AO, HERs were 1.15 for AO, 1.42 for DM, 1.03 for high LDL-C, 1.11 for low HDL-C, and 1.26 for hypertension (all P < 0.05, except high LDL-C). Without AO, population attributable fractions (PAFs) were 2.8% for DM, 0.8% for high LDL-C, 0.7% for low HDL-C, and 6.5% for hypertension. With AO, PAFs were 1.0% for AO, 2.3% for DM, 0.4% for low HDL-C, and 5.0% for hypertension. Conclusions: Of the obesity-related cardiovascular risk factors, hypertension, independent of AO, appears to impose the greatest burden on Japanese health expenditures.
Introduction
Ratios of total health expenditures to Gross Domestic Product have been increasing in most Organization for Economic Cooperation and Development (OECD) countries. 1 Many countries have health care systems that can be divided into three categories:
(i) social insurance systems, such as in Japan, France, and Germany; (ii) tax-based systems, such as in the United Kingdom (UK) and Sweden; and (iii) limited services to the elderly or disabled in the United States of America (USA), that is Medicare and Medicaid. 2 The proportion of population coverage reached 100% in 22 of 31 OECD countries. Moreover, the coverage in the USA is being expanded by the Affordable Care Act. 3 Cardiovascular diseases, such as ischemic heart diseases and cerebrovascular diseases, result in high mortality in most OECD countries, 1 which can lead to high expenditures. Many previous studies have shown the associations of abdominal obesity, diabetes mellitus, high serum total cholesterol levels, low high-density lipoprotein cholesterol (HDL-C) levels, and hypertension, which are major risk factors for cardiovascular risk factors in terms of obesity and metabolic syndrome, with health expenditures. 4e14 Several studies have shown that metabolic syndrome per se and abdominal obesity might not have an important effect on health expenditures in the USA and Taiwan. 4, 5 However, to the best of our knowledge, no study has investigated the relationships of each cardiovascular risk factor in combination with abdominal obesity and their effects on health expenditures. Thus, the aim of the present study was to examine the impact, as indicated by the health expenditure ratio (HER), and attribution, as indicated by the population attributable fraction (PAF), of cardiovascular risk factors, with or without abdominal obesity, on health expenditures in Japan.
Methods

Health insurance system in Japan
The Japanese government has organized several health insurance schemes, 15 and all citizens are obliged to join one. The National Health Insurance, one of them, is mainly for farmers, selfemployed persons, retired persons, and their nonworking dependents aged less than 75 years. The Late-Stage Medical Care System for the Elderly is mainly for persons aged 75 years or more. Access to medical care is unlimited for all persons. The unit prices for medical care are decided by the government. Individuals must pay 10e30% of the medical fees, and the remainder is paid by the insurance. In the present study, the health expenditures included the portion of medical expenses paid individually.
Study cohort and population
A total of 90,442 beneficiaries aged 40e75 years who completed a health check-up conducted by 21 of 44 Japanese National Health Insurance schemes in Ibaraki Prefecture in fiscal year 2009 (from April 2009 to March 2010) were recruited in the second cohort of the Ibaraki Prefectural Health Study. Written informed consent was obtained from 58,757 of those beneficiaries. However, 5418 individuals could not be matched with their health check-up data because of invalid numbering. Thus, the second cohort of the Ibaraki Prefectural Health Study consisted of 53,339 participants. The participants' health claim records were followed-up until the end of fiscal year 2013.
In this cohort study, 4550 participants with missing values for waist circumference, both fasting blood glucose and glycohemoglobin A1c (HbA1c) levels, low-density lipoprotein cholesterol (LDL-C) levels, HDL-C levels, systolic blood pressure (SBP), diastolic blood pressure (SBP), age, sex, smoking status, drinking habits, proteinuria, and/or of the follow-up period were excluded. Furthermore, 5320 participants with a history of stroke, heart disease, and/or kidney disease were excluded. Thus, the data of 43,469 participants were analyzed.
Baseline measurements
At baseline, the subjects completed a self-administered lifestyle questionnaire. The questionnaire included questions about smoking status and drinking habits.
The health check-ups were conducted by the Ibaraki Health Service Association for the participants in 20 districts and by the Hitachi Medical Center for the participants in one district. Most (96%) of the participants underwent the health check-ups by the Ibaraki Health Service Association.
For the check-ups conducted by the Ibaraki Health Service Association, waist circumferences were measured in light clothing. SBP and DBP were measured using the right arm of seated subjects by trained observers using automated sphygmomanometers. Blood samples were drawn from seated subjects; fasting was not required. Plasma glucose levels were measured using an enzymatic method if the subjects were fasting. HbA1c levels were measured using immunoassay if the subjects were non-fasting or had unknown fasting status. In this study, the HbA1c levels are shown according to the National Glycohemoglobin Standardization Program. LDL-C levels were measured using an enzymatic method. Proteinuria levels were tested using a dipstick, and trace positive samples of proteinuria were re-examined using a sulphosalicylic acid test. An interview was conducted to ascertain the use of antidiabetic medication, anti-dyslipidemic medication, and antihypertension medication, as well as histories of stroke, heart disease, and kidney disease.
For the check-ups conducted by the Hitachi Medical Center, HbA1c levels were measured using a high-performance liquid chromatography method if the subjects were non-fasting or had unknown fasting status. However, both laboratories participated in the same quality control programs directed by the Japan Medical Association, the National Federation of Industrial Health Organization, and the Ibaraki Association of Medical Technologists. Other measurement methods were the same as for check-ups conducted by the Ibaraki Health Service Association.
Follow-up surveillance
To ascertain the medical expenditures of the participants, medical (outpatient and inpatient), dental, and pharmaceutical health insurance claim records of the participants were obtained from the Ibaraki National Health Insurance Organization. Moreover, the dates of acquisition and loss of eligibility of a recipient were obtained to ascertain the days the participants were eligible recipients. Follow-ups were restarted if the participants who had lost their eligibility to be recipients re-acquired their eligibility to be recipients. In addition, the follow-ups were continued even if the participants changed from the National Health Insurance to the Late-Stage Medical Care System for the Elderly.
Definitions
Abdominal obesity was defined as waist circumference !85 cm for men and !90 cm for women, referring to the Japanese definition of metabolic syndrome. 16 Diabetes was defined as fasting blood glucose !126 mg/dL (!7.0 mmol/L), HbA1c ! 6.5%, or anti-diabetic medication use according to the guidelines of the World Health Organization. 17, 18 High LDL-C was defined as LDL-C ! 160 mg/dL 20 Smoking habit was divided into three categories: non-smoker, ex-smoker, and current smoker. Alcohol intake was divided into seven categories: non-drinker, exdrinker, 1e3 days per month, 1e2 days per week, 3e4 days per week, 5e6 days per week, and every day. Proteinuria was divided into four categories: À, þ, 2þ, and 3þ.
Statistical analysis
The unit of health expenditures was set as the Japanese yen (i.e., 123.9 Japanese yen ¼ 1 USA dollar, at the exchange rates published on June 17, 2015). The P values for differences in baseline characteristics according to the presence or absence of each risk factor were calculated using analysis of variance for age, and using c 2 tests for sex, smoking status, drinking habits, and proteinuria.
HERs and 95% confidence interval (CI) according to the presence or absence of the risk factors were calculated with reference to no risk factor using a generalized linear model with an assumption of the Tweedie (compound Poisson-Gamma) distribution, which is the most widely used method in insurance claims modeling. 21 The link function was logarithmic. The log-transformed years of eligibility to be a recipient were treated as an offset variable. Covariates included age and sex in the age-and sex-adjusted model. Covariates included age, sex, smoking status, drinking habits, proteinuria, and the risk factors of interest in the multivariable model. All statistical tests were 2-sided, and P < 0.05 was regarded as significant. The statistical analyses were conducted with SAS, version 9.4 (SAS Institute, Inc, Cary, NC, USA). Furthermore, PAFs were calculated using the following formula:
where pd is the proportion of expenditures from the group exposed to the risk factor among total expenditures, and mHER is a multivariable HER. 22 The 95% confidence intervals of PAF were calculated using the following formula 23 :
where b V is a variance estimate for logðmHERÞ, e 1 is expenditures from exposed persons, and e 2 is the expenditures from nonexposed persons.
where CI PAF is a 95% confidence interval for PAF.
Standard protocol approvals, registrations, and patient consent
Written informed consent was obtained from all individual participants included in the study. The Ethics Committee of Ibaraki Prefecture and the Bioethics Committee of Dokkyo Medical University approved this study. The baseline characteristics are shown in Table 1 . Mean age and the proportions of men, smoking status, drinking habits, and proteinuria were significantly different according to the presence or absence of abdominal obesity, diabetes mellitus, high LDL-C, low HDL-C, and hypertension, excluding proteinuria with high LDL-C.
The HERs and PAFs according to the presence or absence of each risk factor for the participants are shown in Table 2 . Significant associations between each risk factor and health expenditures were found in the age-and sex-adjusted analyses, as well as in the multivariable analyses. The highest multivariable HER was for diabetes mellitus. On the other hand, the highest PAF was observed for hypertension.
The multivariable HERs and PAFs according to the combination of risk factors and abdominal obesity are shown in Table 3 . Significantly higher multivariable HERs were observed for all combinations, except for high LDL-C with abdominal obesity. The highest multivariable HER was observed for diabetes mellitus without abdominal obesity. The highest PAF was observed for hypertension without abdominal obesity followed by hypertension with abdominal obesity.
Discussion
To the best of our knowledge, the present study is the first to show that the obesity-related cardiovascular risk factor related to the greatest attribution on the Japanese National Health Insurance expenditures was hypertension, independent of abdominal obesity. The present results support the importance of the prevention of hypertension for persons with and without abdominal obesity for health expenditures in Japan. In addition, metabolic syndrome, which assumes abdominal obesity to be indispensable, might have to be treated as one of multiple risk factors from the perspective of primary prevention for a sustainable health insurance system. Several studies have investigated the relationships between cardiovascular risk factors and health expenditures. 4e14 The Cardiovas- The strength of the present study was the statistical analysis with a Tweedie distribution, which is the most widely used mixture distribution model in insurance claims modeling. The Tweedie distribution is defined as a Poisson sum of gamma random variables, known as an aggregate loss in actuarial science. 21 The
Tweedie model is a generalized linear model from the exponential family. A Tweedie random variable can be represented as a Poisson sum of gamma distributed random variables. That is,
where N has a Poisson distribution, and Y i s have independent, identical gamma distributions. In this case, Y has a discrete mass at 0, PrðY ¼ 0Þ ¼ PrðN ¼ 0Þ ¼ expðÀlÞ, where l is the mean of Poisson distribution, and the probability density of Y f ðyÞ is represented by an infinite series fory > 0. 24 That is, a Tweedie distribution can treat a gamma distribution with inflated zero data, such as health claim data, simultaneously. In Tweedie distributions, a compound Poisson-Gamma distribution is produced when the power parameter p is >1 and <2. In the present study, all power parameters estimated were approximately 1.8 (data not shown) which indicated that the distributions were valid. On the other hand, the present study has several limitations. First, the definition of abdominal obesity did not refer to the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults III criteria. 19 However, the Japanese criteria of waist circumference 16 have been adopted on a nationwide scale in Japan. For instance, the Japanese Society of Hypertension Guidelines for the Management of Hypertension adopted the Japanese waist circumference criteria (!85 cm for men and !90 cm for women) as defining abdominal obesity. According to the National Health and Nutrition Survey in Japan, 2013, 25 conducted by the Ministry of Health, Labour and Welfare, Japan, the prevalence of high waist circumference (!85 cm for men and !90 cm for women) was 34% among a representative sample of the Japanese population aged 20 years or older. Second, further studies are warranted to ascertain the generalizability of the findings due to the low participation rate (34%) in health-checkups in the study area and the low proportion of study subjects among participants in health-checkups. In summary, hypertension, independent of abdominal obesity, appears to impose the greatest burden among the obesity-related cardiovascular risk factors on Japanese National Health Insurance expenditures.
